Abstract. This article focus on "blended cement". The blended cement was created by using waste marble powder (WMP) as a partial replacement for cement. We investigated the influence of WMP on the developing of the dynamic modulus of elasticity and the dynamic shear modulus in time. Four different cement composites with WMP as a partial replacement for cement were studied (5, 10, 15 and 50 wt. %) together with reference samples. Dynamic modulus of elasticity was monitored during the first 377 days since manufacture by use of non-destructive testing (resonance method). The results showed that WMP in a small amount had a no effect on the dynamic modulus of elasticity and the dynamic shear modulus.
Introduction
The recycled materials are usually used as an option to non-renewable resources. The problem is mainly variability of these materials, for this cause, is mainly applied to transport infrastructure [1] . Examples of the use of waste or recycled materials were spelled out in the study, e.g. [2] [3] [4] . This article differs from another primarily utilizing waste from marble industry, directly waste marble sludge. The waste marble sludge generated during the cutting block, or during the finishing process making an environmental problem. The generation of waste is making environmental problems as the valuable national wealth is getting wasted mainly due to lack of management and lack of technology, air contamination, water contamination and loss of vegetation and fauna [5] .
The amount of this waste was calculated for the section of The Shaq El Thoaban, Egypt to one million tons per year [6] and for the section of Estremoz Anticline, Alentejo, Portugal to 600 thousand tons per year [7] . Both areas have approximately the same production of marble stone, but the technical, operational and management practices in the industry are less developed in area Shaq El Thoaban and they have contributed significantly to greater waste generation. From all the waste produced from marble enterprise, only 10 to 20 % is used in construction. The remainder is refused and accumulated in mounds marble waste close to the extraction quarries [8, 9] . There are some articles that deal with utilized the marble sludge as the replacement for cement in producing the blended cement. The first study found that the addition of the marble sludge to the cement composite is changed crystals portlandite [10] . The second study showed the morphology of the internal structures of cement pastes with and without marble sludge is identical [11] . In all case, marble sludge in a small amount had a good influence on mechanical properties [12, 13] . Grains of marble sludge clump together into lumps and thus grains of marble sludge are not homogeneously distributed in the mixture. New option to reduce or restrict this effect is the use of high-speed milling from Lavaris Ltd. The resulting output is waste marble powder (WMP) and it has better mechanical properties than marble sludge [14] . High-speed milling method separates all the grains of marble sludge. The high-speed milling method was successfully applied for micronized of recycled concrete [15] .
Materials and samples
The cement used was a commercial CEM I 42.5R (Radotín, Czech Republic) ordinary Portland cement. The WMP used was obtained from the processing of limestone marble in the Czech Republic as unsorted waste (Beroun, Jež Ltd.), which was micronized using a high-speed mill from Lavaris Ltd. (Libčice, Czech Republic). The micronized marble powder with fraction 0-40 mm had an average grain and mean grain size of 9.74 and 4.59 microns, respectively.
The testing mixtures were designed to keep the identical workability as the fresh reference mixture. The consistency of the mixtures was determined by workability slump test 20 (d20), ( der weight ratio. Cement was replaced by the waste micronized marble powder by the amount of 5, 10, 15 and 50 wt. percent (Table 1) . Mixtures made according to Table 1 were cast to the rectangular molds with dimensions 40×40×160 mm. All the rectangular molds were measured their dimensions before the mixture was implemented to the mold. These values were applied for determine shrinkage. After casting, these specimens were kept in the molds for 24 h at the laboratory with the temperature 22 • C. Each set consisted of 6 specimens. After demolding, these specimens were deposited in a laboratory environment at 22 ± 1
• C and relative humidity 50 ± 2 %.
Experimental methods
The dynamic modulus of elasticity and the dynamic shear modulus were observed using the resonance method, based on determinations of the natural frequency measured on specimens. Resonance method is a non-destructive test. The last measurement was made after 377 days. The resonance method was carried out using the measurement line from Brüel & Kjaer, consisting of a measurement station type 3560-B-120, type 4519-003 acceleration transducers, an 8206 impact hammer type and a control computer with software PULSE LabShop (Figure 1.) . The resonance method requires information about the dimensions and the weight of each sample earlier than testing was applied. The response signals were transformed from the time to the frequency using the Fast Fourier Transform. The Frequency Response Function (FRF) was determined as the ratio of the response and the excitation force in the frequency. The proper basic natural frequencies were evaluated from the FRFs. Then the dynamic modulus of elasticity and the dynamic shear modulus were evaluated based on the basic longitudinal natural frequency of the samples and the basic torsional natural frequency of the sample, respectively [16, 17] . Figure 2 shows the evolution of the bulk density, where the free water evaporates over time, thereby changing the bulk density of the samples. Figure 3 and 4 shows the evolution of the dynamic shear modulus and the dynamic modulus of elasticity, respectively over time. All of the samples exhibit the steepest increase of the modulus of elasticity in the first day. After the first day, the cement composite rapidly lost the value of dynamic modulus of elasticity. This was due to loss of weight of the sample by natural drying.This phenomenon can be explained by gauging water evaporates from the sample and changes the inner environment in which the wave from the pulse method spreads. The values were stabilized between 7 and 377 days. The curves got smaller decline modulus between 7 and 377 days.
Result and discussion
There is a noticeable relation between the value of modulus of elasticity and the amount of WMP used in the mixture. The highest modulus had the reference mixture WMP_0 , namely 16.8 GPa for 28 days old samples and 16.0 GPa fot 377 days old samples in the case of the dynamic modulus of elasticity and the dynamic shear modulus was 7.3 GPa for 28 days old samples and 7.1 for 377 days old samples. The lowest value of modulus had the mixture with 50 wt. % of WMP, namely 14.6 GPa for 28 days old samples and 13.9 GPa for 377 days old samples in the case of the dynamic modulus of elasticity and the dynamic shear modulus was 5.9 GPa for 28 and 377 days old samples.
Conclusions
This work is focused on the mechanical properties of the cement composites composed of Portland cement and different amounts of waste marble powder. Based on the results it can be concluded that:
• All of the samples exhibit the steepest increase of the modulus in the first day.
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• The values of the dynamic modulus of elasticity and the dynamic shear modulus were stabilized between 7 and 377 days. The curves got smaller decline modulus between 7 and 377 days.
